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Introduction

e High-energy particles on satellites:
¢ Single Events Effects = Transient or permanent effects caused by 1 particle
e |onizing dose
e Non-ionizing dose
e Effects depends on particles type, energies and fluxes : Space environment

e Amount of particles depends on the mission:
e Orbit (different particle spectra according to the position above the Earth)
e Date of launch (solar activity dependency)
e Duration

e Three sources of high-energy particles :
e Solar particles
e Galactic Cosmic Rays
e Trapped particles
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Introduction

Objectives : global picture of our space environment

Where do these particles How are they spatially What are their long-duration

come from ? distributed ? variations ?

Understand the space
environment specification of
a project (engineering model,
parameters...)
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Introduction

Objectives : global picture of our space environment

@' esa PROBA 3 Eﬂﬂtﬂl m_l;

PIESTRS-6003

Table-2: Standard field models to be used with radiation-belt models
Radiation-belt Model | Geomagnetic Field Model
AE-8-MIN Jensen-Cain 1960
AE-8-MAX Jensen-Cain 1960
AP-8-MIN Jensen-Cam 1960

AP-5-MAX GSFC 12/66 extrapolated to
1970
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Space environment bases

Solar cycle
Magnetosphere
Magnetospheric shielding

Particle spectra
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Solar cycle

Solar magnetic field
e 11 years cycle (approximately)
e Dipole during solar minimum
e Complex during maximum

11 years
Solar activity has an impact on: oot International Sunspot Number E
e Galactic cosmic rays 200k :
e Solar flares 100k E
e Trapped particles of ™, :
- 5 1760 1780 1800 1820 1840 1860 1880
200 g 300
e T /h\ ; 200
LR i i 1unm
E 180 I o
° .F N I |1 = ’
= - K } - 1880 1900 1920 1960 1980 2000
= &11}[“1‘ WI ﬁfw\ = Date
5 p -
S % b | drn ' E Today: Solar cycle #25
T e P {r‘é i \\; * Min started in 2020
oF . *  Max would be reached in 2024

) QG o gl oo ob P o Q"l gb o2 A0 AN A AT A AD 8D 31 i\‘bﬂ}\@
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Magnetosphere

e Magnetosphere:
Cavity where the magnetic field dominates
Undergoes the pressure of the solar wind

Natural protection for the satellites (from cosmic
rays and solar flares).

e Trapping of lower energetic particle

e Earth magnetic field (B, ) Magnetic field

DIPOLAR - 1 km

n L LU
ImiiiIIIE'A o

e Dipole

Horth Paole

Souh Pole
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Magnetosphere

Magnetic field
e i e o -_‘—*_,L_ML_F T |
. lﬁli :
o Earth magnetic field (B, ) porn ol 9l
e Dipole
* No tilt

e Dipole center and rotation
center at the same location

e s
= 3 - 3
180

South Pole

Magnetic field
JENSEN CAIN - 1 km

<= x.AIl“!Eili lla,

Magnetic s I "‘
field lines b

e Dipole

e Tilted wrt spin axis (11°)
e Off-centered (500 km)
- South Atlantic Anomaly (SAA)
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Magnetospheric shielding

* Charged particles are deflected by the
magnetic field

 Magnetospheric shielding:

e Particles have to be very energetic to
reach low altitude orbits

e Function of the energy level
e Electrons can not penetrate the shield
e No protection near the magnetic poles

o Efficient against solar particles and
cosmic rays

1.2MeV
4 IMel”
16NV

76Mel

Magnetospheric shielding
as a function of L.

L : Mcllwain parameter
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Particle spectra

 What is a particle spectra ?

Gives the amount of a given particle above or at a given energy

The quantity of particle is expressed as a flux or a fluence:
o Flux: Number of particles crossing a surface per time unit
[cm2.st]

o Fluence: Total number of particles crossing a surface Proton fluxfor a typical LEO mission (AP8 min)

. . . _2
during a given time [ cm™ ] Trapped protons average flux

'j 1E+05
i i —e— Differential fl
* Two different kinds of spectra: = |1£+04 ifferential flux
‘_.' —&— Integral flux
o Differential o [1E+03
= | 1E+02
o Integral 5
5 1E+01
;’fz 1E+00
e Output of engineering space environment model ¢ | 1e01
g 1E-02
[ 0,1 1 10 100 1000

Energy (MeV)

TRAD/FOR/ENV/PRES/SpaceEnvt — V2 TRAD Tests & Radiations 11




TRAD,

Tests & rad|at|ons

Particle spectra

 Remark : Differential flux can be higher than the integral flux

e Normal
* Not comparable
* Not the same unit

Trapped protons average flux

—@— Differential flux

—&— Integral flux

<
=
(]
=
Y
o
o
=
o
| .
o
-
v
i
=
2
x
2
L

10
Energy (MeV)
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Particle spectra

Differential
* Flux (or fluence) of particles around a given energy
e Units: [cm=2.s1.MeV1] (or [cm2.MeV1])

Differential flux
1,00E+05

1,00E+04
1,00E+03
1,00E+02
1,00E+01
1,00E+00

1,00E-01

<
=
=
i
“
~
i
=
=
x
S
[rem
©
=
c
@
-~
L
=
()

1,00E-02
10
Energy (MeV)

Example: Approximately 900 particles cm2.s1.MeV-! around 1 MeV
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Particle spectra

HEICO comP® 1

* Integrated
* Flux (or fluence) of particles above a given energy
e Units:[cm™2.s1](or[cm2])

Integral flux
1,00E+04

1,00E+03

1,00E+02

—_—
—
1
!
o~
1
o
—
>
=
[ram
‘©
—
oo
v
]
-

1,00E+01

1,00E+00
0,1 10
Energy (MeV)

Example: Approximately 800 particles cm2.s'! above 1 MeV
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Particle spectra

Flux
* Number of particles crossing a surface per time unit
e Units: [ cm=2.s1]

Fluence
* Total number of particles crossing a surface during a given time
e Units: [cm™2]

Differential

* Flux (or fluence) of particles around a given energy
e Units: [cm2.s.MeV1] (or [cm2.MeV1])

Trapped protons average flux
1E+05

—e— Differential flux

Integrated
* Flux (or fluence) of particles above a given energy
* Units: [cm=2.s1] (or[cm?])

1E+04
—e— Integral flux
1E+03
1E+02
1E+01
1E+00
1E-01

1E-02
0,1 1 10 100 1000
Energy (MeV)

Flux (cm-2.s-1 or cm-2.s-1.MeV-1)

TRAD/FOR/ENV/PRES/SpaceEnvt — V2 TRAD Tests & Radiations 15




TXAN,

Summary

* Three sources of high energy particles :
* Solar particles
* Galactic cosmic rays
* Trapped particles

* The solar cycle has an influence on these particle sources

* The Earth magnetic field:
* Protects us from the particles coming from outside (Magnetospheric shielding)
* Particle trapping

* The space environment is specified for a mission with particle spectra
* How many particles, and at which energy ?
* Averaged number of particle
o Over time
o Usually over all space directions (41 sr)
 Differential or Integrated over energy
o Unitcm2.st.MeV1!orcm=2s?

TRAD/FOR/ENV/PRES/SpaceEnvt — V2 TRAD Tests & Radiations
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e Solar particles
e Galactic Cosmic Rays (GCR)
* Trapped particles
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Sources of energetic particles
* Two main objectives:

* Know the physical origins of each particle source
* Understand the meaning of the standard space environment models and their parameters

 What is a space environment model ?
» Estimation of the particle fluxes of a given source during the mission
e Based on satellite measurements
* Depends on parameters

________ |
i |
Inputs R Environment model A Outputs L _ Radiation effects |
(cate, orblt, others- “| (parameters, options..) 7| Energy spectrum | (SEETID,TNID..) |
— - = — — |
Mission Environment Specification apedt ortons sversge flux
1E+05
\ / 1E+04 —e— Differential flux
—e— Integral flux
1E+03
1E+02
OMERE

1E+01

\ 4

Powerful tool 1E+00

1E-01

1E-02
0,1 1 10 100 1000
Energy (MeV)

Flux (cm-2.s-1 or cm-2.5-1.MeV-1)
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Solar particles
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e Solar flares : particles ejected from the Sun with relativistic speeds

Duration : hours to days
Energy : up to a few 100 MeV

Composition : protons (> 50%) and ions (strongly depends on the flare)

Number of flares correlated with the solar cycle

Number of flares

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
Year

Increasing intensity (W/m?):B> C> M 2> X
x10 x10  x10
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Solar particles

43NV (] 2MeV)

87MeN (4. 1McV)

Rigidity H+ ¥ 6McV)
(Encrgy)

3NV (T6McV)
07790820V (425MeV)

2000MceV
<l 10MeV

2 : h 7

147MeV/n
313McVin
(09MeVin
46MeVin
23McV/n

Moment/charge
2>

12MeVin

Magnetospheric shielding — rigidity
(or energy in parentheses) as a function of L.

e Significant for:
e High altitude orbits (high perigee, apogee)
e High latitude orbits (high inclination)
e |Interplanetary trajectories
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Solar particle models

* Two families of solar particle models:
* Average statistical models
e Solar Flare models

e Each family is used to compute a defined type of radiation effects:
* Average models - Cumulated effects (lonizing and Non-ionizing Doses)
* Flare models = Single Events Effects

e Each family model is built in a different way and depends on different parameters.
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* The spectrum corresponds to :
* Average value during the mission
* A fluence (rather than flux)

* Features:
* Used for dose calculation
* Two parameters:
o Confidence level
o Solar active period

* Models give the spectra:
* At earth level (1AU)
* No magnetospheric shielding

Average models

Flux

\ Average flux

1 .

Time

Vv

TRAD/FOR/ENV/PRES/SpaceEnvt — V2
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* Application of a magnetospheric cutoff

A

A A

* The model returns the spectra at Earth level
» Same for all position on the orbit
* A magnetospheric cut-off must be applied

* When applying the cut-off model
* Flux depends on the orbit and position on the orbit
* The mean flux can be estimated
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Parameters

Confidence level (%)
e The probability that a satellite does not experience a particle flux higher than the calculated flux level

e Suggested to use higher confidence levels for short missions and lower confidence levels for long
missions

Solar Active Period (Active years) :
e Solar flares only during a 7 years period around solar max
e (sol. max-2.5) + (sol. max + 4.5) = 7 years

Monthly smoothed sunspot numbers
200

150 L

™~ 7\ —

. N / N—_ ad

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Solar Max Solar Min Solar Max Solar Min Solar Max
2.5 years P 4.5 years

—p— - > . .
| Active period Non active period Active perlodl

o T T T 0 ) T T O o
o 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 1

l Active period Non active period
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Parameters

Worst case approach

Number of active years :

One does not know the launch date during the satellite design.

It is suggested to take the worst case :

e 5 years mission, worst case = 5 years (partial active years)

e 11 years mission, worst case = 7 years (complete solar cycle)
e 15 years mission, worst case = 11 years (one solar cycle + partial active years)

Solar Max Solar Min Solar Max Solar Min Solar Max
#21 #22 _ #23
Active period Non active period Active period Non active period Active period
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* Average statistical models for solar flare particles

Models Energy range (MeV) Data
Protons
ESP (EU standard) 1-300 1966 - 1996
JPL91 (US) 0.5-100 1963 - 1991
JPL91 Extended 0.5-500 1963 - 1998
SAPPHIRE (ESA) 1-1000 1973 - 2009
SPOF 4-110 1974 - 2002
SOLPRO 10-100 1964 - 1975
Heavy lons

PSYCHIC 10-100 1966 - 2001
SAPPHIRE (ESA) 1-1000 1973 - 2009

* Magnetospheric cutoff models

Cutoff models
Stormer
ONERA
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. OMERE 5.5.2

Average statistical models

Environment model

[ESP, JPL, SAPPHIRE
- Confidence level
- Solar active period

)

Magnetospheric cutoff model

[Stormer, ONERA]

Fluence (cm-2 or cm-2.MeV-1)

Average solar protons fluence
1E+12

1E+11
1E+10
1E+09
1E+08
1E+07
1E+06

1E+05
1 10 Energy (Mev) 100

Energy spectrum

—e— Differential fluence

—8—Integral fluence

1000

TRAD/FOR/ENV/PRES/SpaceEnvt — V2
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Average statistical models

* Dealing with average statistical models in OMERE

@ Solar Particles: average statistical models
Mission data

Mission start: 2023 Lifetime: 15 year(s) Mumber of orbits; 1
Average models
Choose the model

Set the number of
solar active years

Set the confidence
level parameter
Energy grid Enviropment
(L] Custom grid: , “ B Magnetospheric cutoff

_ Select the
C:\Users\damien.herrera\Documents\OMERE 5. 7\Em ﬁ I .
‘. Starmer (ECSS 10-04) magnetospheric

B @ Fre cutoff model

Output

Mean Flux and Fluence

Output protons file: :\Users\damien. herrera\Documents\OMERE 5, T\solarMeanProtons, fix

| Cutputions file: Ci\Wsers\damien. herrera'\Documents\OMERE 5. 7\solarMeanlons. fix
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Flare models

Flare 1 Flare 2 Flare 3
* The spectrum corresponds to: A e

e The flux during an actual event

* Features:
e Used for SEE calculation

Flux

e Different sub-models
o Worst 5min, 1h, 24h
* lons:Z=1(H)toZ=92(U)

A\’

Time

* Models give the spectra:
e At Earth level
* No magnetospheric shielding & a cut-off must also be applied.
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Flare sub-models

* Each model is composed of different sub-models:
* Worst 5min
* Worst 1h
* Worst day 3

Worst 1h

* Worst week Worst 24h

* A sub-model with a short duration corresponds to a worst-case
* Mean flux on a shorter duration
* Computation made on higher flux level
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Flare models

Classical models

Model Event(s) Standard
Protons For models :
October 2003 *  Worst 5 min
October 1989 |< 10 ; > 70 MeV *  Worst hour
August 1972 | 10— 70 MeV * Worst day
*  Worst week
July 2000
ONERA 1974-2002
SAPPHIRE 1973 - 2009
lons (Z=1toZ=92) SAPPHIRE —lons (Z=1 to Z=92):
CREME96 October 1989 Yes * Confidence level and active years
CREMES86 August 1972
IOFLAR September 1977

* Magnetospheric cutoff models

Cutoff models
Stormer
ONERA
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. OMERE 5.5.2

Flare models

Magnetospheric cutoff model

[Stormer, ONERA]

Environment model
[CREME96, SAPPHIRE ...]

- Sub-models (5min, day...)
- Elements (for ions only)

Differenital flux (cm-2.s-1

Differential flux
1E+08

1E+07
1E+06
1E+05
1E+04
1E+03
1E+02
1E+01
1E+00
1E-01
1E-02

1E-01 1E+00 1E+02 1E+03

EnerlgE\.T?I%/IeV)

Energy spectrum

TRAD/FOR/ENV/PRES/SpaceEnvt — V2
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Flare models

e Dealing with flare models in OMERE

@ Solar Particles: flare models
Mission Data

Mission start; 2023 Lifetime: 15 year(s) Mumber of orbits: 1

Flare Models
Protons
Choosethe -7} : “hiede T4 Choose Z)e; ions
protons model _ mode

Select the , < Enwironment
magnetospheric ———>|

CUtOff model B Magnetospheric cutoff

Cutput protons file: Ci\Wesers'\damien.herrera'Documents\OMERE 5. 7\solarFlareProtons. fix )

Outputions file: C:\Users\damien. herrera'\Documents\OMERE 5. 7\solarFlarelons. fix -
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Summary

e Solar particles

e Protons and ions
e Upto 300 MeV

e I[mportant for :
e |nterplanetary missions
e High altitude missions
e High inclination missions

e Models
e Statistical models (for dose calculation)
e Confidence level
e Solar active period
e Solar flares models (for SEE rate calculation)
e worst 5min, 1h, 1day ...
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Galactic Cosmic Rays (GCR)
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. Origin : outside the solar system

* Acceleration : interaction with matter shock waves, interstellar
magnetic field.

* Distribution : homogeneous
* Energy: E = 1000 GeV

 Composition : protons (83%), ions (14%), electrons (3%)

* Flux of cosmic rays anti-correlated with the solar cycle

* Magnetospheric shielding efficient

Significant contribution of GCR for :
e High altitude orbits
e High inclination orbits
e Interplanetary trajectories

CR (10 GV) variation,%

-10
-20

Galactic Cosmic Rays

4=—=Bow Shock
+—Heliosheath

) Voyager 1

,\\ .

/ +—=Termination Shock

P

Voyager 2

\ Heliopause /

Heliosphere

astiescientist.blogspot.com

sunspot number W J‘(’w“\\

cosmic ray variation, %

250
200
150
100
50

1959 1967 1975 1983 1991 1999
years

2007
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GCR models

The spectrum corresponds to :
* Average value during the mission

Features:
* Parameters
o Solar conditions (min = worst case)
o lons range (H—-U)

Models give the spectra:
* At Earth level (wrt the sun)
* No magnetospheric shielding

Need for a magnetospheric cutoff
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e Galactic Cosmic Rays models

Model Standard
Protons & lons (Z=1to Z=92)
CREME96 (US) Yes
CREMES6 -
GCR ISO 15390 Yes
(EU standard)

* Magnetospheric cutoff models

Cutoff models

Stormer
ONERA

GCR models

Options:
e Solar Min
e Solar Max
e Mission (weighted)

TRAD/FOR/ENV/PRES/SpaceEnvt — V2
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GCR models

. OMERE 5.5.2
Differential flux
1E-03
. 7 1M
Environment model N
. £ 1E-05
[CREME96, GCRISO ...] .| Magnetospheric cutoff model 5|3
- Solar condition [Stormer, ONERA] =
- Elements g 1E
% 1E-08
1E-09
1E-01 1E+00 1E+01 1E+02 1E+03 1E+04 1E+05

Energy (MeV)

Energy spectrum
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GCR models

* Dealing with GCR models in OMERE

ﬁ Cosmic Rays
Mission data

Mission start: 2023 Lifetime: 15 year(s) Mumber of arbits: 1
Choose the model

Select the solar
condition

Select the elements to
consider

Select the .
magnetospheric —(_
cutoff model

Starmer (ECSS 10-04) ~ \ Parameters
/
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Trapped particles
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Introduction

e Magnetosphere acts as a shield
e |t protects us from solar particles and galactic cosmic rays
e These particles can still impact satellites on:
e interplanetary orbits
e orbits with high altitudes
e orbits with high inclination

e However:
e Particles (electrons and protons) can be trapped inside the magnetic field
e They are accelerated to higher energies in the so-called radiation belts
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Protons
Structure : one inner belt
Energy : 1 keV —500 MeV
Source : GCR + Solar wind
Solar cycle dep. : anti-correlated

.hmlll fkm 20000 km 30000 km 40000 km

The radiation belts

Electrons

Structure : two belts (inner and outer)
Energy : 1 keV —7 MeV

Source : Solar wind

Solar cycle dep. :

e LEO : correlated
e GEO : higher during declining phase

[10000/km  20000Kkm 30000kl 1200001km

TRAD/FOR/ENV/PRES/SpaceEnvt — V2
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Radiation belts and SAA

Shift between geographical and magnetic reference frame
 The radiation belts come closer to the Earth above the south Atlantic ocean

* This corresponds to the region where the magnetic field is the weakest
e South Atlantic Anomaly

Magnetic field — 800km

Rotation

Radiation belts axis

Magnetic

Dipole ! .-..'Ill
3 . I:v 5 ’ — P \“ s ."jk "ii
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* Shift between geographical and magnetic reference frame
 The radiation belts come closer to the Earth above the south Atlantic ocean

* This corresponds to the region where the magnetic field is the weakest
e South Atlantic Anomaly

Rotation
axis

Trapped protons > 10 MeV (AP8) — 800km

Radiation belts
Magnetic
Dipole

* Over the SAA, increase of the flux
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Radiation belts and SAA

* Shift between geographical and magnetic reference frame
 The radiation belts come closer to the Earth above the south Atlantic ocean

* This corresponds to the region where the magnetic field is the weakest
e South Atlantic Anomaly

MMSD08512408S-Y SEFI flight data cartography — Trapped protons > 10 MeV
CARMEN-2 (AP8 Min) - 1335km
e ( t”’i)‘} - _'w,
g - AR
» A > 9’ ‘\'.\
% el
i }a“w*’ »

Geomagnetic Longitude [

* Over the SAA, increase of the flux = Increase of Single Events
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Models: AES/APS

e Two conditions : A These models do not depend on the solar cycle variations (no real time variations)

. S
e Solar min mag B
e Solar max

e Coverage:
e Space: global (L =1 — 8)
e Energies:
e Electrons [0.04 - 7.0] MeV
e Protons [0.1 - 300] MeV

OMERE: Maps of integral flux

o ECSS

e AES: standard for non-specific orbits (see next slides)
e AP8: standard for all orbits
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Models: IGE 2006

* Three options:

1.05-1.38 keV
1.E+08 3
e Upper case, '
e Average, % —IGE-2006 mean
% —— 1989-046
e Lower case. _: 1.E+07 4 —=—1990.095
© 1991-080
‘g —— 1994084
T —— LANL-97A
¢ Cove rage : 1.E+06 T T T T T T T T T T T T T 1 —
e Space: GEO orbit (L = 6.6 ¢ 6 4 2 0 2 4 6
p . ( ) Year of the solar cycle (min = 0)
e Energies: 8.88-11.6 keV

e Electrons [0.001 —5.2] MeV Sicard et al., 2008

e ECSS
e Standard for GEO orbits +500km

A Only for GEO orbit, OMERE does not check the positions.

TRAD/FOR/ENV/PRES/SpaceEnvt — V2 TRAD Tests & Radiations
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Models: MEOv2

* Three options:
e Upper case,
e Average,
e Lower case.

e Coverage:
e Space: MEO orbit (L = 4.2)
e Energies:
e Electrons [0.28 — 2.24] MeV

e ECSS
e Standard for [20 500 km ; 24 000 km] & 55° £ 5°

A Only for MEO orbit, OMERE does not check the positions.
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Models: GREEN

Options/parameters
* Electrons : Upper case or average
* Protons : No input

Characteristics:

* Global models

* Patchwork of several others
OPAL

ONERA High Energy

Energy [MeV]

Energie [MeV]

IGE2006

SPM | ONERA
Low energy

Electrons
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Summary
Global models L Energies (MeV)
* AE8/APS8 AES 1-8 0.04- 7
* AE9/AP9 AE9 1-8 0.04- 10
* GREEN IGE-2006 6.6 0.001-5.2
MEOV2 4.2 0.28-2.24
e ECSS standards OZONE 4-8 0.05- 4
e Electrons: SLOT 2-4 0.1-3
 GEO orbit: IGE 2006 GREEN-e 1-8 0.0002 - 10
e £500km
* MEO orbit: MEOv2
e [20500 km ; 24 000 km] & 55°+5° L 2o
* Other orbits: AE8 max e 1-8 0.1-400
. Protons AP9 1-8 0.1 - 1000
o All orbits: AP min OPAL < 800 km 80 - 1000
GREEN-p 1-8 0.001 -1000
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Trapped particles models

. OMERE 5.5.2

Trapped protons average flux
1E+05

;; 1E+04 —e— Differential flux
Environment model T 1603
[Ax8, Ax9, GREEN...] - Magnetic field model %
) ) > . > e
- Parameters (if available) [Jensen & Cain 1960, GSFC...] 5 o
- For electrons and protons 2 a
1E-02
0,1 1 10 100 1000
Energy (MeV)

Energy spectrum
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Trapped particles models

* Dealing with trapped particles models in OMERE
e Magnetic coordinate (B/B,, L)
e A magnetic field must be selected

a Trapped particles
Mission data

Mission start: 2023 Lifetime : 15 year(s) Mumber of orbits; 1
Choose the

electron model

Select the

parametef(s) Use Daly interpolation

Choose the - ~ Select the magnetic
proton model ' - field model

Select the
parameter(s) S Use Daly interpolation

Energy grid
[T custom grid: C:\Wsers\damien.herrera\Documents\OMERE 5. 7\EnergyGridTrapped. txt

Edit Mew

Mean spectrum Options

[JsaveBandL: C:\Wsersidamien.herrera\Documents\OMERE 5. 7\BL.dat

Output electrons filer  C:\Users\damien.herrera'Documents\OMERE 5. P\trappedElectrons. fix

Output protons file: C:\Wsers'damien.herrera\Documents\OMERE 5. 7\trappedProtons. fix
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Overview of the models

e Models: « Cosmic rays * Trapped particles
N e GCR ISO 15390 e Electrons
¢ |n-situ measurements « CREME 86 o AES
e Range of validity of L and energy * CREME 96 . IAGE|?2006
* Standards e Solar particles * MEO
* Protons (average) * OZONNE
o ESP o SLOT
Options: e JPLOL « GREEN
. o ¢ Protons
e Solar min/max . JS':)LE’F}RE)Xtended S aog
e Upper/lower case e SPOF e AP9
e Confidence level [%] s zaVZfanF;“RE :(G):étN
e Magnetic field e PSYCHIC e OMEP
e Magnetospheric cutoff * Helium
e SAPPHIRE
* Solar flare models e Magnetic field
¢ Jensen Cain
e Magnetospheric cutoff * Dipolar
e Stormer * IGRF
e ONERA * GSFC
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Overview of the models

* Need more information ?

% OMERE Help Menu

H e o+ & ®

Masquer Précédent Suivant  Imprimer  Options

Sommaire  Rechercher

BT Trapped Particles
@ General

= () Mission If you only wish to read the summarized instructions on how to use this dialog click here.
[£] Define the mission
=] Define the: orbit
B TLE input file example
= () Environment
B Particles, mainly protons and electrons, are trapped by the Earth's magnetic field forming the Van Allen radiation
@ SolarIPamdes belts. Radiation due to trapped particles affects all Earth orbiting missions. OMERE allows the user to estimate
Cosmic Rays clectron and proton fhixes through various engineering models. The user accesses the trapped particle module from

More details on the different models can also be found in the advanced section.

=] LET Spectum
Q Import Extemal Fluxes

@ Transport
[Z] Transfer function
@ Interplanetany
2] Mapping

@ Calculation

=1 | Advanced section

@ Wission

= () Environment
@ Trapped particles
=] Solar particles
B Cosmic rays
@ LET spectrum
=] Transport
[2] Transfer function

@ Calculation

@ Bibliography

the main OMERE window by selecting Environment and then Trapped Particles:

G Trapped particles
Mission data
Mission start: 2023 Lifetme : 15 year(s)

Electrons
Model : AEB
(ECSS 10-04 for non-spedific orbit)
QO Max 1 Min Weighting

Frotons
Model : AP8
(ECSS 10-04 for non-spedific arbit)

O Max O Min Weighting

Energy grid

Edit New

Mean spectrum
[JsaveBandL: C:\Users\damien.herrera\Documents\OMERE 5. 7\BL.dat

Output electrons file:  C:\Documents\OMERE 5. 7\trappedElectrons. flx

Mumber of orbits: 1

Magnetic field STANDARD (JENSEN_CAIN) Use Daly interpolation

Magnetic field STANDARD (JENSEN_CAIN) Use Daly interpolation

(] custom grid: C:\Users\damien.herrera\Documents\OMERE 5. 7\EnergyGridTrapped. bt

Options

Output protons file: C:\Documents\OMERE 5. 7\trappedProtons. fix

Caleulation

@ Calculation + Graph @ Calculation

L

This window is divided in five parts:
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Outside the near-Earth environment

How to manage space environment outside the Earth ?
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GCR

* The Galactic Cosmis Rays...
* Constant over the entire solar system
e Variation wrt the solar cycle are the same for all position

* In OMERE...
* The models can be used for any other locations in the solar system
* In practice, disable the magnetospheric cutoff
* No magnetospheric cutoff for other planets
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Solar particles

e Solar particles
* Flux decreases with the distance to the Sun
* Attenuation law (ECSS)

o 1/R?forR < 1AU i
o 1for R > 1 AU : Worst-case beyond the Earth 7
o Measurements only at the vicinity of the Earth . :
s 5
* In OMERE 2 \\e@)@(\“ RS O © . <\§Q,Q’“}°e
e Can be used for any other location in the solar system 1 @ -0
* No magnetic cutoff for other planets ? s 3 30

Distance to the sun [AU]
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Trapped particles

* Trapped particles
 Exist for every planet / body with a magnetic field
e Strongest ones for Jupiter

® Magnetosphere
® No magnetosphere

* In OMERE:

* No trapped particles models for other planets

 Specific models (not available in OMERE) o
@ *—0©

9
8
7
6
5
4
3
2
1
0

3
Distance to the sun [AU]
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TCLD
L Examples

a HEICO comP*

* Moon
* No magnetic field - no trapped particles
* Distance to the Earth : 384000km (0.003 AU)
— Same solar particles than in Earth
* Same GCR than in Earth (no cutoff)

* Lagrangian points
* No magnetic field = no trapped particles
* Distance =1 AU
—> Same solar particles than in Earth
* Same GCR than in Earth (no cutoff)

Credits : esa.int

Distances:
* Sun— Earth: 150 000 000 km (1AU)
«  Earth—L1: 1500 000 km (0.01AU)
e Earth —Moon: 384 000 km (0.003AU)
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Thank you for your attention

For further information on:

www.trad.fr — www.fastrad.net
WWW.rayxpert.com — www.r2cots.com

@Q O TRAD Tests & Radiations
@TRAD_Officiel

,E trad@trad fr \ +33 (0)5 61 00 95 60
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